WORKING MODEL OF WATER JET CUTTING SYSTEM ON LOW PRESSURE by Mehta, J. N.
International Journal of Students Research in Technology & Management  
Vol 1(2), April 2013, pg242-252 
www.giapjournals.com Page 242 
 
WORKING MODEL OF WATER JET CUTTING SYSTEM ON LOW 
PRESSURE 
J. N. Mehta1, R. Wadgaokar2, A. Khatal3, M. Chavan4 
Mechanical Department, MCT’s Rajiv Gandhi Institute of Technology, 
Mumbai, India 
1
 jimit_mehta143@yahoo.com  
 
Abstract 
Cutting of raw materials is one of the most common functions in industries. With the advent of 
globalization and tough competition from multinational companies, it becomes very essential for 
production houses to reduce/eliminate wastes due to inefficient cutting methods.   Every cutting 
method is based on the input of energy into the material, in order to overcome the chemical bindings 
present in the structure of the material. Thermal cutting methods, for example, utilize the energy of 
chemical reactions, electricity, or light to produce high temperatures in order to melt the material at 
the cutting kerfs. Mechanical methods utilize the kinetic energy of the moving tool or form ductile 
materials through the application of pressure. However, these methods causes distortion of material in 
the heat affected zone. 
In Water-jet Cutting, the energy of the rapidly moving jet is utilized either in the form of a pure 
water-jet or abrasive water-jet and then applied to the work piece causing micro-erosion. The cutting 
water works as a cooling agent of cutting edge, thus allowing for a very high quality cut without 
producing heat affected zone. 
Keywords: cutting, micro-erosion, heat-affected zone. 
I. INTRODUCTION TO THE PRJECT 
This paper is the outcome of the project accomplished in partial fulfillment of final year engineering 
project-making.  The aim of the paper is to demonstrate the concept of water-jet cutting systems and 
empower the research activities and cost-reduction methods to promote the use of the same in India.  
A water jet cutter, also known as a water jet, is a tool capable of slicing into metal or other materials (such 
as granite) using a jet of water at high velocity and pressure. Its most significant attribute as an accurate 
cold cutting process allows it to cut metals without leaving a heat affected zone. 
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The system uses a jet of pure water at high velocity and pressure. or a mixture of water and an abrasive 
substance. The process is essentially the same as water erosion found in nature but greatly accelerated and 
concentrated.  
There are basically two types of water-jet cutters: 
a) Pure Water-Jet Cutter 
b) Abrasive Water-Jet Cutter 
As a part of our project, we have successfully developed a working model of pure water-jet cutting 
system. The system utilizes a pump of capacity 2000 psi and 140 bar pressure as compared to 60,000 psi 
and 4000 bar pressure in present industrial use. Such pressure pumps are usually used in garages for car 
washing. In actual cutting systems, the pressure is intensified by double acting  intensifier, whereas we 
have obtained the intensification with the help of piston movements as shown in fig(2). 
 
Fig.1. Actual Intensifier 
 
 
Fig.2.Intensification by Piston Action 
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              Fig.3. Water storage tank (2000 litres)                            Fig.4.Water Purifier 
 
 
Fig.5.Sand Feeder 
 
II. INDUSTRIAL STUDY 
An observatory study was made at one of the Waterjet Cutting Services Factory on the following 
Machine: 
WATERJET GERMANY M/C 
Abrasive Waterjet 
MODEL NO:S3015 
BED SIZE: 3000mm  x 1500 mm 
Pressure Range: 3600-4000bar 
Sand FeedRate :400-800 gm/min 
Material not cut-Toughened Glass 
The following figure shows the different components of the Water-jet Cutting System. 
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Fig 6 PLC System 
 
 
Fig.7.Waterhead Cutting a material 
 
III. DESIGNS/DRAWINGS: 
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Water Jet Cutting Systems utilize the ‘intensification principle.’  In industrial units, water is pressurized 
to a pressure of approximately 200 bar. A plunger with a face area of 20 times less than the passage 
pushes against the water. Therefore, the 200 barpressure is ‘intensified’ twenty times, yielding 
The ‘intensification principle’ increases the pressure according to the following Pascal’s Law 
equation. „ PRESSURE = FORCE /AREA  
We have selected SS-316 as raw material for nozzle and nut, for its strength and resistance to water 
corrosion. The software used is Pro-E wildfire 4.0 . To obtain considerable velocity of water-jet at outlet, 
we obtained an orifice of 1 mm diameter. Water would flow through it after passing through the nozzle of 
3mm diameter. The outer diameter is 21 mm to provide considerable wall thickness to sustain such high 
pressures. The designs and stress-stain analysis are shown in the given figures. 
 
 
 
Fig.8.Nozzle Design 
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Fig.9.Nut Design 
 
 
Fig 10 Office Design 
 
 
 
International Journal of Students Research in Technology & Management  
Vol 1(2), April 2013, pg242-252 
www.giapjournals.com Page 248 
 
 
 
Fig.11. Assembly of cutting head 
 
 
 
Fig.12.Stress-Strain Analysis for nozzle 
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Difficulties that were involved 
1.  The initial problem was to get a through-hole drilled in 150 mm long SS rod, which is not possible 
with conventional drilling methods. 
2. The other problem was to obtain a considerable pressure to cut through thin materials like foam, 
rubber, etc. 
How the Difficulties were overcome 
1. Drilling was done with the help of EDM at a die-making factory. 
2. Garage pumps were found to give required pressure and discharge through a small orifice. 
 
IV. PROJECT DEMO 
 
The following figures are snapshots of demo carried out in college. Further, the observation table 
has been prepared which gives an indication of cutting speed to be used for different materials. 
 
        
Fig.13.Actual Cutting Head                           Fig.14.Orifice of 1mm diameter 
 
          
          Fig.15.High Velocity Water jet                                   Fig.16.Cutting through a brick 
 
 
International Journal of Students Research in Technology & Management  
Vol 1(2), April 2013, pg242-252 
www.giapjournals.com Page 250 
 
                
Fig.17.Cutting P.O.P. Block                                  Fig.18.Cutting Foam 
 
V. PROJECT OBSERVATIONS: 
 
Pump Specifications:  
140 bar 
2000psi 
Orifice size: zero degree, 1mm 
Lpm:11 
Power requirement:Single phase, 4 HP  
Table 1 
 
Sr. No MATERIAL THICKNESS (mm) 
CUTTING SPEED 
(mm/min) 
1 P.O.P. 2 59.1 
2 TYRE 2 3008.78 
3 
FOAM 12 5179.89 
 
 
Table 2 
 
SR.NO MATERIAL THICKNESS (mm) 
CUTTING SPEED 
(mm/min) 
1 RUBBER 
2 27000 
10 11500 
20 2200 
2 SYNTHETIC MATERIAL 
2 22500 
5 8900 
10 3400 
3 FOAMED MATERIAL 
10 27500 
100 5500 
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Table1 and Table 2 gives the obsevations of our project as well as industrial standards, We observe that 
the readings are almost consistent with these standards, taking into consideration the pressure difference. 
VI. FUTURE PLANS 
We plan to automate our project using steeper motors to give it controlled motion, restricted to a plane in 
x-y direction. 
VII. APPLICATIONS OF WATERJET CUTTING • Pure waterjet is used mainly for relatively soft materials such as plastic, textiles, paper, sealing 
materials, metalic foils, plywood, composites, leather, etc. • The abrasive application is used for harder materials:  Metals, Glass, Stone, Concrete, Glass 
composites, Ceramics and hard materials like Aluminum oxide or Silicone Oxide.  • The only material that cannot be cut is Toughened Glass. • It is widely used in preparations of inlays for floorings and furniture. „ It is the preferred method when the materials being cut are sensitive to high temperatures. 
VIII. ADVANTAGES OF WATERJET CUTTING Ü Environmentally friendly  Ü Can cut complicate shapes Ü Better material utilization  Ü Cutting in all axes  Ü High speeds for various materials  Ü Easily adaptable to automatic contouring  Ü Easy programming with standard CAD/CAM systems  Ü Only simple fixtures required Ü No heat affected zones Ü Stress free cutting  Ü No material jump-off  Ü No tool sharpening  Ü No dust, fumes, or gases released 
 
IX. CONCLUSION Ü WATER JET does not create a burr or HAZ as the heat cutting processes do. This saves expenses 
for secondary operations.     Ü WATER JET is slower than heat cutting techniques in nonconductive materials and similar for 
conductive materials like aluminum.  
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Ü WATER JET has almost unlimited thickness capability whereas high powered plasma is limited 
to about 2” and laser to about 0.75” thick.    
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